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Japan has succeeded in increasing its aguaculture production,
supported by development of production techniques and the
economic growth.

However, overstocking of aguaculture pens have caused
deteriorations in the environmental condition of aguaculture
ground.

In order to promote improvements in the environmental quality
of aguaculture grounds and maintain suitable conditions for stable
aguaculture production, the Low to Ensure Sustainable
Aquaculture Production was established in 1999.
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Environmental criteria used In the Law

ltem Indicator

Criterion
for identifying
healthy farms

Criterion
for identifying
critical farms

Water in Dissolved

>4.0 ml/l <2.5 ml/l
cages oxygen
Less than the value at the
Sulfide point where the benthic >2.5 mg/g dry
(AVS-S) oxygen uptake rate is sediment
Bottom maximum
environment

Benthos

Occurrence of animals
throughout the year

Azoic conditions
during >6 months
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Concept of environmental criterion
(indicator: AVS-S)

Limit of organic matter loading
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Determination of the standard value

M aximum

' Acceptable Aquaculture

We have to detect the
maximum of oxygen uptake
rate relative to organic .

Riethods %&adieltél&i ﬁgaﬁw% maximum: Organic metta loading
" 1. Change of organic matter loading rate in an existing farm
— Impractical. L Numerical simulation

Oxygen Uptake Rate

{2, Investigation of oxygen uptake rate in ssmilar farms
—» |Impractical

. 3. Investigation of oxygen uptake rate in several points in afarm
— \Wrong

— We have developed a numerical model 5




Schematic views of the numerical model
()

Organic loading

(@)

< E
l,' v
Surface ¥ = v
w —> U
Ki T i v
7 |
./'vv
—» U w —1"u
K2 ,7"\/ A
2
< :4’
A X :
I I
| H W |
! A !
I J'v
Kn > U W —)> U
B AN
t/// I
Bottom k2

Multi-level density flow model

(b)

v
Surface s Dispersion
A [y
A5 e —
K1 Y __AA Residual
T Aﬁ/ t[ flow
s
<l A >
K2 —=1—» /V.’. AA -
A7
I
I
I
I | ‘
I I
: ba !
2P
Vi
2
K <> - <—::
n —ti—p —
POt I ................
“‘//‘
Bottom B>
Kn+1 i
Kn+2

Advection and diffusion
of organic matter & DO

: O1
v r o
Oxidation
ON_lI >
02
Cv r Oxidation
[Cve ] -
vSedimentation
: :
! !
Cyv r On Oxidation
n >
|_C%1| r On+1| | oxidation
il >
Anoxik’l S”+1| N >
\ / y
Cs2 |Sn+2|

Flow of organic matter

6



Flow of organic matter and the relational eguations

+ Sedimentation

On .
K i Oxydation
" Ogn r Y >
Bottom
v On+14 [Oxydation
Kn+1 | | Ogn+1 l_ Y >
I—.> Sn+1t— >
Anoxic Oxydation
v \i
Kn+2 Ogn+2 Sn+2
[ O,: Dissolved oxygen

\

Og,,: Organic matter

S .

n:

in the K, layer.

Reduced substance

Equations

( Aerobic degradation rate
= a (O,—-a) Og,
Anaerobic degradation rate
= 809, (O,—a,
Chemical oxygen uptake rate

. = 3&0g,0,

(Omori et al., 1994)
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Tidal current calculated by the model
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Estimation of the Maximum and the Limit Value

(umolO2/cmz2/day)

Oxygen uptake rate

 limit
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Organic matter loading (umolOz/cmz2/day) **



Limit Values of Organic Matter Loading Rate
(n mol O,/cm?/day)
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Ratio of the limit value
to the real organic matter loading rate (%)
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Conclusion

The numerical model is an effective tool to determine
the limit values of organic matter loading from fish
farms based on the criterion determined by the Law.

The numerical model may be effective for suggesting
appropriate spatiotemporal use of aguaculture ground.
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Concepts widely used in aquaculture management (Fernandes et al., 2001)

Term Definition

Carrying capacity of a defined area refers to the potential maximum
production of a species or population that can be
maintained within that area in relation to the
available food and environmental resources.

Holding capacity IS the potential maximum production which is
limited by a non-trophic resources

Assimilative capacity IS the ability of an area to maintain a ‘healthy’
environment and ‘accommodate’ wastes.

Production capacity Is the maximum tonnage level that can be attained
without producing a negative impact on the
environment and on the farmed stock.

Environmental capacity  refers to the ability of the environment to
accommodate a particular activity or rate of activity

without an unacceptable impact. 10




Picture 2

- e — -;._-3-:'_"::; -




7
(rgS/1) (mgS/sDW)
100 0.1
B0 0.03
i 0.03
40 0.04

20 0.02

0 0.02

Reduced substance
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Results of the calculation by the three dimensional model
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Outline of the Law

Outlineof  “the Law to Ensure Sustainable Aquaculture Production”

Basic Guidelines
MAFF established “the Basic Guidelines”.
Aquaculture Ground Improvement Program

Fisheries cooperative associations develop
“the Aquaculture Ground Improvement Program”.
The governor approves the Program.

Recommendation

When a farm is in extreme deterioration,
the governor recommends the cooperative to
Improve the farm environments.
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